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Abstract: A tension control problem of a rewinding web handling system is considered
in the paper. It is shown that the dynamical response of the web handing system heavily
depends on roll inertias. Dissimilar to other works that heavily based on the assumption of
cylindrical roll form and roll aligment that leads to easy calculation of roll inertias, the
main contribution of the paper is an introduction of a neural network to estimate varying
inertias of unwinding and rewinding that cannot be directly computed. In addition, a
tension controller based on backstepping controller without using tension sensor from the
system. The tracking performance is shown through simulation results.
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1. INTRODUCTION

Numerous practical applications ultilize web handling systems such as flexible displays,
color-shifting, lighting, solar cells, etc. utilizing rewinding systems are becoming popular in
industry [1-5]. After being processed, web is rolled up then is taken into the web-handling
machines for further actions. The rewinding system exhibits strong nonlinearity and is affected
by different types of noises, especially when the system is operating at high speed [2].

In order to properly handle the system, it is pivotal to formulate an approriate algorithm for
the system. In web machining system, it is vital to regulate tension force in a desired region [6]
to ensure the quality of materials. A variety of algorithms are introduced, including backstepping
[7] and [8]. During the process of tension control, we need to measure different state variables
and various parameters. In practice, it is tesious procedures with sensor mounting, signal
calibrating,... during the process of measuring the response of tension force. Therefore, some in-
depth researches on implementing feedback control based on the observation set [9] and [10] are
carried out. It is evident that roll inertia information is essential for control system design [11]
and [12]. Conventionally, the roll inertia depends on roll shape and web thickness. In practice,
roll eccentricity and deformation exist and lead to false estimations. The robustness of the closed
loop system against roll eccentricity is presented in [13]. However, when the parameters of the
system are accompanied by system uncertainties, the proposed controllers can hardly guarantee
efficiency and control quality in practice. Due to system uncertainties, it is a pivotal problem to
develop an adaptive control to cope with the problem of varying roll inertia for the control of the
R2R systems. A neural network is a powerful tool which can address the complex requirements
of the system, requirements that other techniques could hardly solve. In this paper, by taking the
advantages of the system equations of motion, a new control approach which uses tension
observer integrated with an RBF neural network is proposed for the building of an R2R adaptive
control system considering the presence of imperfection roll arrangements. The main
contributions of the paper can be listed as: i) the proposal of the control scheme integrated with a
tension observer, ii) the realization of an RBF based adaptive mechanism for compensating roll
inertia uncertainties.

2. SYSTEM FORMULATION

A. R2R Web System Modeling

Figure 1 shows a single-span roll-to-roll web control system contains an unwinder and a
rewinder. Input torques M, M, are used to control web’s velocity and tension.
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Fig. 1. Single-span R2R web control system.

Ignoring the influence of roll-web material slippage, material deformation, and the system
friction. The dynamics equations can be given as follows:
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The total moment of inertia and operating radius can be described as:
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Where T : The web tension, J, : The moment of inertia of the unwind roll and motor, J, : The
moment of inertia of the rewind roll and motor, R, : The radius of the unwind roll, R, : The radius of
the rewind roll, B, : The coefficient of vicious friction of the unwind roll, B, : The coefficient of
vicious friction of the unwind roll, E: The elasticity of web, S : The cross sectional area of web, L :
The total length of web, a: The thickness of web, o : The density of web, w: The Width of web.

B. Tension observer based on backstepping controller

The controller aims at keeping the rewinding system tension and speed at the desired values.
This section uses the sliding algorithm based on backstepping technique to design the controller.
The design steps are as follows:

Step 1: Defining tracking error variables bellows:
AT =T -T;; Ao, =, —W,; Ao, =w, —W,,

(4)

J, =Jyo + Moo
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Step 2: Determining control signal such that web tension tracks the desired value. To regulate
the error AT — 0, k; is a positive gain, choosing W, Wua as:

W, = —l(czT o, +Cyo, —Ty +k (T-T,)) (6)
G
Proposing a Lyapunov candidate function as:
\A =%AT 2 (7

Using (1) and taking the time derivative of (7) we obtain:
V, =(c, +C,Tw, +Coo, —Ty )(T -T,) (8)
Next, replacing o, by W,, Wua that is determined in (8) results in:
V, =k (T-T,) <0 9)

Step 3: Base on backstepping technique, we will determine control signal M, M in order to
o, track W, and «, track W, . Proposing Lyapunov candidate function as:

V, =V, +%Aa)u2 (10)
Differentiating (10) and using (2) gives:
V, =k (T =T, )" +(C.M, + 6T + o, +C,0f — W,y )(@, — Wiy ) (11)
The control signal is calculated as:
M, =—Ci(c5T +Co, + G0 — Wiy +k (@, W) (12)

4

Next, replacing M, that is determined in (12) results in:
V, =~k (T-T,) —k (@, —W,,)’ <0 (13)
Similarly, the control signal M, is generated:
1 .
M, = —C—(ch + o, + @ — Wiy +k, (@, = Wiy)) (14)
8
In many cases, the use of tension sensors becomes expensive and difficult to install. To

overcome this problem, in this paper we propose a tension observer. From (1) we can choose the
tension observer that is determined by:

T= @, +C,0T +Cum, (15)
Subtract (1) from (15) we obtain:
7T =Cza)r(|: -T)
It is noted that c,w, <Othen (T —T)— 0when time t —oo. In other words, observed tension

T converge to actual tension value T.
With this observer, the control signals (6), (12), (14) are rewritten to:
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W, = —é(czf@ +Cw, — T, +K; (f -T, )) (16)

M, = —Ci(cs'f tem, + @ — W, +k, (cou -~ W, )) (17)
4

M r= _ci(CQf G, + Clla)rz - Wrd +k, (wf — Wy )) (18)
8

C. Adaptive controller for uncertainties of the rewinding web system

Define W as the ideal weight and W as the estimation of W . The error of ideal and estimated
weights is defined as:

W=W-W (19)
Then, J and J can be writen as:
J=WTh; J=W'h; J=J-J=W"h (20)
Where h is the vector output of the hidden layer with its transfer function defined as:
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In which n is the number neural of neural network. With uncertain elements, control signals
that are derterminded in the above section are rewritten as:

W, =_Cl(csz, reg, T, +k (T-T,)) 21)
1
Mu = _,\i(ésf + é6(0u + C7a)u2 - \;Vud + ku (wu - Wud )) (22)
C4
|\7|r =—A1(Ag'|:+(3ma)r +6,0° —V;Vrd +kr(a)r —W,d )) (23)
CS

Proposing Lyapunov candidate function for the unwind roll as:

v, =%Ju (e, - W) +%Ju (T-T,) +%Ju (f-T) +%Tr(VVuTFu‘]V\7U) (24)

Based on the derivative of the Lyapunov function, the updated law selected as:

A A A A 2
Wu = _Fuh|:(a)u - Wud )Wud - I(ul(a)u _Wud ) :| (25)
The proposed candidate Lyapunov function for rewind roll is:
1 v 1. e Tr(WTRTW)
VerZE(a)r_Wrd) +E(T —T) +2—Jr (26)
Similarly, the update law for neural network weight is chosen as:
V\;}r = Frh((wr - Wrd )Wrd - krl(a)r - VAvrd )2) (27)
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3. SIMULATION RESULTS
In this section, the performance of the proposed controller is demonstrated through
simulations. The parameters of the roll to roll system are utilized in simulation can be listed as
follow: R, =0.04m; R,=0.015m; J,=J,=1kgm’; L=03m; E=2510°N/m’;
Bu = Br =0.00002533kgms / rad ; a=0.00002m; w =1m. In the simulation, fig. 2, fig. 3 and

fig. 4 illuestrate the actual unwind and rewind rolls angular velocity, the tension response
corresponding to desired web tension T, =10N .
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Fig 2. Rotational angular response of the unwind roll.
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Fig 3. Rotational angular response of the rewind roll.

The simulation results show the correctness of the estimation algorithm using RBF neural
network combined with tension observation. The results of this uncertainty component will be
updated continuously as the basis for synthesizing control signals for the backstepping and RBF
coordination controller for R2R system to make the control structure adaptable to uncertainty
existing on the system.

With the proposed controller, velocity tracks the reference value with almost zero error. Fig. 2
and fig. 3 describe the angular velocity of the system, where the rewinder and winder angular
velocity increase and decrase in accordane with roll radius variations. Fig. 4 shows the tension of
the R2R. This study has given an advantage over the work given in [14] when no information
about the operating roll moment of inertia is required.
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Fig 4. The web tension response.
4. CONCLUSIONS

In the paper, the tension controller is formulated thank to backstepping method integrated
with the tension observer for the web transport systems. The RBF neural is utilized
compensating system uncertainties caused by varying roll inertias. The numerical results indicate
that the closed-loop system exhibits good tension tracking and adaptation performances.
Furthermore, using RBF neural network, the controller does not require the precise description of
the web system, thus the proposed controller is highly capable in various industrial applications.
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TOM TAT

KET HOP BO QUAN SAT LUC CANG VOI MANG NO-RON
TRONG DIEU KHIEN HE CUON LAI

Vén dé diéu khién dé cang cua hé cuon lai dwoc xem xét trong bai bao. Nghién ciru chi
ra rc%ng, dong lyc hoc cua hé thé’ng xu Iy phu thudc rat nhiéu vao quan tinh cuon. Khac
voi cdac nghién ciru khdc dwa trén gia dinh Vvé cac cudn cé dang hinh tru hoan hao, vat liéu
c6 dé day dong nhat va cdc bién c6 thé duwoc do truc tiép bang cdach sir dung cdac cam bién.
Péng gép méi cua bai bdo la viéc trinh bay mang no-ron dé wéc tinh mémen qudn tinh
ciia 16 16 va 16 cuon thay déi tiy theo chuyén dong cia vit liéu va bé quan sat lic cang
dua trén bo diéu khién Backstepping ma khong su dung cam bién lyc cang tir hé thong.
Hiéu sudt theo doi dwoc thé hién thong qua két qua mé phong.

Tir khoa: Hé cudn lai (R2R); Bo quan sat luc cing; Mang no-ron (RBF).
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